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SHALLOW TRENCH ISOLATION STRUCTURE 

TECHNICAL FIELD 

[0001] The present invention relates to the ?eld of semi 
conductor integrated circuits and, in particular, to an 
improved structure and method for making shalloW trenches 
for isolation. 

BACKGROUND OF THE INVENTION 

[0002] In modern semiconductor device applications, 
numerous devices are packed onto a single small area of a 
semiconductor substrate to create an integrated, circuit. For 
the circuit to function, many of these individual devices may 
need to be electrically isolated from one another. Accord 
ingly, electrical isolation is an important and integral part of 
semiconductor device design for preventing the unWanted 
electrical coupling betWeen adjacent components and 
devices. 

[0003] As the siZe of integrated circuits is reduced, the 
devices that make up the circuits must be positioned closer 
together in order to comply With the limited space available 
on a typical semiconductor substrate. As the industry strives 
toWards a greater density of active components per unit area 
of semiconductor substrate, effective isolation betWeen cir 
cuits becomes all the more important. 

[0004] The conventional method of isolating circuit com 
ponents in modem integrated circuit technology takes the 
form of trench isolation regions etched into a semiconductor 
substrate. Trench isolation regions are commonly divided 
into three categories: shalloW trenches (STI) (trenches less 
than about 1 micron deep); moderate depth trenches 
(trenches of from about 1 to about 3 microns deep); and deep 
trenches (trenches greater than about 3 microns deep). Once 
the trench isolation regions are etched in the semiconductor 
substrate, a dielectric material is deposited to ?ll the 
trenches. As the density of components on the semiconduc 
tor substrate increased, the Widths of the trenches decreased 
until the process of ?oWing dielectric material into the 
trenches developed problems. 

[0005] Trench isolation regions, particularly STI regions, 
can develop undesirable voids in the dielectric material 
during the process to ?ll the trenches. As the dielectric 
material ?oWs to an edge betWeen a substrate surface and a 
sideWall of the trench, constrictions develop at the top of 
trenches due to the narroW opening in the trench. As the 
dielectric material ?oWs into the trench, the constrictions 
can develop into voids moving into the trench With the 
dielectric material. Once the voids are formed, a later 
etch-back, for example an oxide etch, could expose voids 
formed near the surface of the substrate. The exposed voids, 
consequently, may then be ?lled or contaminated With 
conductive materials, Which Would loWer the dielectric 
characteristics of the dielectric material used and introduce 
structural instabilities in subsequent processes. Accordingly, 
voids in the dielectric material ?lling an isolation trench 
region are highly undesirable. 

SUMMARY OF THE INVENTION 

[0006] The present disclosure provides an improved shal 
loW trench isolation structure. In one embodiment, the 
shalloW trench isolation structure has a ?rst and a second 
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isolation trench portion Within a substrate. The ?rst isolation 
trench portion has a ?rst sideWall that is perpendicular or 
nearly perpendicular to the surface of the substrate. The 
second isolation trench portion has a second sideWall that is 
angled obliquely With respect to the surface of the substrate. 
Also, the volume of the second isolation trench portion is 
smaller than the volume of the ?rst isolation trench portion. 
In another embodiment, the second sideWall tapers to a 
rounded point in the center of the shalloW trench isolation 
structure. The shalloW trench isolation structure is then ?lled 
With a dielectric. The improved shalloW trench isolation 
structure reduces the formation of voids in the dielectric ?ll 
process. 

[0007] In another embodiment, a trench isolation structure 
is formed in a semiconductor including a ?rst isolation 
trench portion having a ?rst sideWall intersecting a surface 
of the semiconductor at a ?rst angle of approximately ninety 
(90) degrees. The structure also includes a second isolation 
trench portion Within and extending beloW the ?rst isolation 
trench portion, including a second sideWall intersecting the 
?rst sideWall at a second angle With respect to the surface of 
the semiconductor that is less than the ?rst angle. In one 
embodiment, the second angle ranges from approximately 
?fty (50) degrees to approximately eighty-?ve (85) degrees. 
In an additional embodiment, the ?rst isolation trench por 
tion has a ?rst depth ranging from about tWenty (20) percent 
to about ?fty (50) percent of the total trench depth of the 
trench isolation structure. In yet another embodiment, the 
?rst depth ranges from approximately ?ve hundred (500) to 
approximately one thousand (1,000) angstroms (A), and the 
total trench depth ranges from approximately tWo thousand 
(2,000) to approximately tWo thousand ?ve hundred (2,500) 
A. In still another embodiment, the trench isolation structure 
is formed in a memory integrated circuit. 

[0008] In an additional embodiment, an isolation trench is 
formed according to a method Where one or more layers on 
the semiconductor substrate and the semiconductor substrate 
is ?rst etched. Next, a spacer is deposited onto the etched 
semiconductor substrate and the spacer is used to perform a 
second etch Which produces a shalloW trench isolation 
structure as described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates an embodiment cross section of a 
resulting structure after performance of an etch method 
according to the present disclosure. 

[0010] FIG. 2 illustrates an embodiment cross section of a 
resulting structure after performance of an etch method 
according to the present disclosure. 

[0011] FIG. 3 is a schematic cross sectional vieW of a 
representative substrate undergoing the formation of a shal 
loW trench isolation structure, performed in accordance With 
a method embodiment of the present invention. 

[0012] FIG. 4 is a cross sectional vieW of the representa 
tive substrate of FIG. 3 and at a stage of processing 
subsequent to that shoWn in FIG. 3. 

[0013] FIG. 5 is a cross sectional vieW of the representa 
tive substrate of FIG. 3 and at a stage of processing 
subsequent to that shoWn in FIG. 4. 

[0014] FIG. 6 is a cross sectional vieW of the representa 
tive substrate of FIG. 3 and at a stage of processing 
subsequent to that shoWn in FIG. 5. 
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[0015] FIG. 7 illustrates a general diagram of a plasma 
generation device suitable for use With embodiments of the 
present disclosure. 

[0016] FIG. 8 is a schematic cross-sectional vieW of a 
portion of a conventional memory DRAM device With a 
shalloW trench isolation structure formed in accordance With 
embodiments of the present disclosure. 

[0017] FIG. 9 is an illustration of a computer system 
having a memory cell With a shalloW trench isolation 
structure formed in accordance With embodiments of the 
present disclosure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The Figures herein folloW a numbering convention 
in Which the ?rst digit or digits correspond to the draWing 
Figure number and the remaining digits identify an element 
or component in the draWing. Similar elements or compo 
nents betWeen different Figures may be identi?ed by the use 
of similar digits. For example, 110 may reference element 
“10” in FIG. 1, and a similar element may be referenced as 
210 in FIG. 2. It should also be apparent that the scaling on 
the ?gures does not represent precise dimensions of the 
various elements illustrated herein. 

[0019] Reference is made to various speci?c embodiments 
in Which the invention may be practiced herein. These 
embodiments are described With suf?cient detail to enable 
those skilled in the art to practice the invention, and it is to 
be understood that other embodiments may be employed, 
and that structural, logical, and electrical changes may be 
made. 

[0020] As used herein, the term “semiconductor substrate” 
or “semiconductive substrate” is de?ned to mean any con 

struction comprising semiconductive material, including, 
but not limited to bulk semiconductive materials such as a 
semiconductive Wafer (either alone or in assemblies com 
prising other materials thereon), and semiconductive mate 
rial layers (either alone or in assemblies comprising other 
materials). As used herein, the term “substrate” refers to any 
supporting structure, including, but not limited to, the semi 
conductive substrates described herein. As used herein, the 
term “layer” encompasses both the singular and the plural 
unless otherWise indicated. 

[0021] Also, the term “substrate” used herein may include 
any semiconductor-based structure that has an exposed 
silicon surface. Structure must be understood to include 
silicon-on insulator (SOI), silicon-on sapphire (SOS), doped 
and undoped semiconductors, epitaxial layers of silicon 
supported by a base semiconductor foundation, and other 
semiconductor structures. The semiconductor need not be 
silicon-based. The semiconductor could be silicon-germa 
nium, germanium, or gallium-arsenide. When reference is 
made to a substrate herein, previous process steps have been 
utiliZed to form regions or junctions in the base semicon 
ductor or foundation. 

[0022] Although shalloW trench isolation (STI) structures 
have been used extensively to isolate circuits, dielectric 
deposition and trench ?ll has proven dif?cult due to the 
development of voids. Typically, dielectric material is 
deposited in trenches using chemical vapor deposition 
(CVD) or high-density plasma chemical vapor deposition 
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(HDP-CVD). HoWever, during deposition, dielectric mate 
rial Will collect on the corners of the trenches, and overhangs 
Will form at the corners. These overhangs typically groW 
together faster than the trench is ?lled, and a void in the 
dielectric material ?lling the gap is created. Many tech 
niques have been utiliZed in attempts to solve the trench ?ll 
problem. 
[0023] The present disclosure provides a trench isolation 
structure and a method for creating a trench isolation struc 
ture With a ?rst trench isolation portion and a second trench 
isolation portion Which has an angled surface, Where the 
volume of the ?rst trench isolation portion is greater than the 
second trench isolation portion. Since the volume of the 
second trench isolation portion is smaller than the ?rst 
trench isolation portion, the trench bottom Will ?ll faster 
than a traditional, rectangular shalloW trench isolation struc 
ture. As the second trench isolation portion ?lls, the dielec 
tric material Will more quickly reach the ?rst trench isolation 
portion and the surface of the semiconductor substrate, 
eliminating any voids that may potentially have been begin 
ning to form due to comer overhang of dielectric material. 

[0024] FIG. 1 shoWs shalloW trench isolation structure 110 
formed in a semiconductor substrate 113 in accordance With 
one embodiment of the present disclosure. The trench iso 
lation structure 110 includes a ?rst isolation trench portion 
114 and a second isolation trench portion 124, Where the 
second isolation trench portion 124 volume is less than the 
?rst isolation trench portion 114 volume. The ?rst isolation 
trench portion 114 has a ?rst sideWall 118 that is perpen 
dicular or nearly perpendicular to the surface 123 of the 
semiconductor substrate 113. The second isolation trench 
portion 124 has a second sideWall 128 that is angled 
obliquely With respect to the surface 123 of the substrate 
113. In one embodiment, the ?rst isolation trench portion has 
a depth 116 ranging from approximately ?ve hundred (500) 
to approximately one thousand (1,000) angstroms (A). Also, 
the trench isolation structure can have a total depth 136 from 
approximately tWo thousand (2,000) to approximately tWo 
thousand ?ve hundred (2,500) A. 

[0025] In an additional embodiment, the second sideWall 
128 tapers to a rounded point 138 in the center of the shalloW 
trench isolation structure 110. The shalloW trench isolation 
structure also can contain a dielectric material (not shoWn), 
for example, a high density plasma oxide such as silicon 
dioxide. Alternatively, the shalloW trench isolation structure 
can contain an insulating layer (not shoWn), for example 
silicon nitride, betWeen the dielectric material and the sub 
strate 113. 

[0026] FIG. 2 shoWs another embodiment of a trench 
isolation structure formed in a semiconductor. The ?rst 
isolation trench portion 214 has a ?rst sideWall 218 inter 
secting the surface 223 of the semiconductor 213 at a ?rst 
angle 211 of approximately ninety (90) degrees. The second 
isolation trench portion 224, then, is Within and extends 
beloW the ?rst isolation trench portion 214, and includes a 
second sideWall 228 intersecting the ?rst sideWall 218 at a 
second angle 212 With respect to the surface 223 that is less 
than the ?rst angle 211. 

[0027] In one embodiment, the second angle 212 ranges 
from approximately ?fty (50) degrees to approximately 
eighty-?ve (85) degrees, and tapers to a rounded point 238 
in the center of the trench isolation structure 210. 
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[0028] In one embodiment the ?rst isolation trench portion 
214 includes a ?rst depth 216 that ranges from about tWenty 
(20) percent to about ?fty (50) percent of the total trench 
depth 236 of the trench isolation structure 210. Also, the 
total trench depth 236 can range from approximately tWo 
thousand (2,000) to approximately tWo thousand ?ve hun 
dred (2,500) A. In one additional embodiment, the trench 
isolation structure 210 can be formed in a memory inte 
grated circuit. 

[0029] FIG. 3 depicts a portion of a semiconductor sub 
strate 313 With a patterned mask layer 350 already formed 
on it. An opening 345 is formed in patterned mask layer 350 
by any suitable method. For example, if patterned mask 
layer 350 is made of photoresist, then opening 345 may be 
formed by any standard photolithography technique. 

[0030] In some embodiments, patterned mask layer 350 is 
composed of a hard mask material, such as silicon nitride, 
silicon oxide, or carbon. In such embodiments, the patterned 
mask layer 350 may be formed by ?rst depositing a blanket 
layer of hard mask material, then forming a patterned layer 
of photoresist above the hard mask material, and transferring 
the pattern from the photoresist to the hard mask material. 
Methods and materials for forming suitable patterned mask 
layers 350 Will be apparent to those skilled in the art. 
Further, although only a portion of substrate 313 is depicted 
in FIGS. 1-8, it should be understood that the present 
disclosure contemplates simultaneous creation of multiple 
shalloW trench isolation features at various locations on a 
substrate. 

[0031] FIGS. 3-6 shoW the method of forming shalloW 
trench isolation structure 210 (in FIG. 2) of the present 
disclosure. As discussed herein, as shoWn in FIG. 3, the 
trench isolation structure 210 (in FIG. 2) is created by 
forming one or more layers on the semiconductor surface. 
For example, an oxide layer 355 on the semiconductor 
surface 323, and an additional layer 353 on the oxide layer 
355 may be formed on the semiconductor substrate, hoW 
ever, more or less layers of differing materials may also be 
formed, as appreciated by those skilled in the art. In one 
embodiment the additional layer 353 is provided for con 
duction purposes, in a further embodiment, the additional 
layer 353 is a polymer. In addition, a masking layer 350 can 
be formed on top of the additional layer 353. Openings 345 
are formed in the masking layer 350 by means apparent to 
those skilled in the art. 

[0032] FIG. 4 shoWs a next sequence of processing steps 
in accordance With an embodiment of a shalloW isolation 
structure according to the present disclosure. In one embodi 
ment, the method includes a dry etch to form openings in the 
one or more layers. In one embodiment, the one or more 

layers are dry etched using a gas chemistry of helium (He) 
and ?uorocarbon gases, such as, by Way of example, carbon 
tetra?ouride (CF4), carbon tri?uoride (CHF3), and/or dif 
luoromethane (CH2F2), or the like. A gas chemistry of 
hydrogen bromide (HBr) and chlorine (C12) may also be 
used. 

[0033] In one embodiment, to form the ?rst isolation 
trench portion 214 (in FIG. 2) the semiconductor material is 
dry etched using a ?rst gas chemistry of HBr and C12. In one 
embodiment, the plasma etch is performed using a ?rst gas 
chemistry of HBr and C12 in a ratio equal to about 2:1. As 
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one With ordinary skill in the art Will appreciate, a broad 
variety of implementations are possible using different etch 
gas compositions. 

[0034] In one embodiment, the ?rst isolation trench por 
tion 514 has a ?rst sideWall 518 perpendicular or nearly 
perpendicular to the surface of the semiconductor substrate 
523, as shoWn in FIG. 5. In other Words, the ?rst isolation 
portion 514 has a ?rst sideWall 518 that is vertical. In one 
embodiment, the ?rst isolation trench portion 514 has a 
depth 516 ranging from approximately ?ve hundred (500) to 
approximately one thousand (1,000) A. 

[0035] Once the ?rst isolation trench portion 514 is 
formed, a polymer layer 560 is formed on the sideWall 518 
and the bottom portion 565 of the ?rst isolation trench 
portion 514 using a second gas chemistry of CHZF2 and 
oxygen (O2). In one embodiment, the ratio of CHZF2 to O2 
is about 4:1. The polymer layer 560 is formed by a depo 
sition on the ?rst isolation trench portion 514 by a dry etch 
using the second gas chemistry. The sideWall 518 polymer 
serves as a spacer by con?ning the next etching step into a 
smaller area, Which forms a smaller second isolation trench 
portion Within and extending beloW the ?rst isolation trench 
portion. 

[0036] As shoWn in FIG. 6, to form the second isolation 
trench portion a dry, anisotropic etch is performed using a 
third gas chemistry of CH2F2, HBr, and C12. The anisotropic 
etch alloWs the process to etch through the polymer layer 
660 on the bottom portion 665 of the ?rst isolation trench 
portion 614 While leaving the polymer layer 660 on the 
sideWall 618, the spacer, intact. Once the polymer layer 660 
on the bottom is etched through, the dry etch continues into 
the semiconductive substrate 613 forming the second isola 
tion trench portion 624 With a second sideWall 628 angled 
obliquely With respect to the surface of the semiconductor 
substrate. In one embodiment, the second sideWall 628 
tapers to a rounded point 638 in the center of the shalloW 
isolation trench structure 610. In an additional embodiment, 
the second isolation trench portion 624 is formed With a 
second angle 612 betWeen approximately ?fty (50) and 
approximately eighty-?ve (85) degrees. In one embodiment, 
the ratio of CHZF2 to HBr to C12 is about 1:8:1. As Will be 
appreciated, the ratio of CHZF2 to HBr to C12 can be adjusted 
to enable differing second sideWall angles 612 and subse 
quent total trench depths 636. 

[0037] FolloWing etching of the ?rst 614 and second 624 
isolation trench portions, the one or more additional layers 
and the spacer 660 may be stripped using conventional 
means knoWn to those skilled in the art, resulting in the 
shalloW isolation structure of the present disclosure, as 
shoWn in FIGS. 1 and 2. 

[0038] Also shoWn in FIG. 6, in one embodiment, the 
shalloW trench isolation structure is ?lled With high density 
plasma (HDP) oxide, a material Which has a high ability to 
effectively ?ll narroW trenches. During the trench-?ll pro 
cess, the dielectric material may form small hills 670 around 
the trench opening; hoWever, conventional chemical-me 
chanical polishing may be used to planariZe the resulting 
structure. 

[0039] Alternatively, an insulating layer (not shoWn) may 
be formed on the ?rst and second sideWalls 618, 628 prior 
to ?lling the shalloW trench isolation structure 610 With the 
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dielectric 675. In one embodiment, the insulating layer is 
formed by oxidizing the trench Walls 618, 628. In another 
embodiment, the insulating layer is formed by depositing a 
thin oxide layer underneath an additional layer of silicon 
nitride. In any case, the insulating layer aids in smoothing 
out the comers in the shalloW isolation trench structure 610 
and reducing the amount of stress in the dielectric 675 used 
later to ?ll the trench. 

[0040] In most shalloW trench isolation structure etch 
methods, if a spacer is formed it is done by an ex-situ 
process using either chemical vapor deposition (CVD) or 
plasma vapor deposition (PVD). Generally, this method 
requires the use of three chambers. For example, in the ?rst 
chamber the one or more layers are etched and the semi 
conductor substrate is etched. In the second chamber, the 
spacer is formed using either CVD or PVD. In the third 
chamber, the spacer and the semiconductor substrate are 
further etched. By contrast, in this disclosure the spacer is 
formed by a dry etch, eliminating the need for an ex-situ 
process, and alloWing the entire etch method to be per 
formed in one chamber. 

[0041] FIG. 7 generally shoWs an illustrative etch reactor 
780 for performing etching. It should be recognized that this 
is an illustrative diagram representative of an entire system 
even though only several components of the system are 
shoWn. Various systems incorporating many elements in 
various con?gurations may be utiliZed. To generate plasma 
781, the different gas mixtures according to the present 
disclosure are provided to the illustrative plasma generator 
780. 

[0042] The illustrative etch reactor 780 includes a poW 
ered electrode 782 connected to an RF bias source 783 via 
capacitance 784 upon Which a semiconductor substrate 
having a layers to be etched is placed. Further, an RF source 
785 is connected to elements, e.g., coils, for generating the 
plasma 781 in chamber 786. Ion sheath 787 is formed 
betWeen the plasma 781 and the poWered electrode 782. 
With the semiconductor substrate 713 positioned Within the 
illustrative plasma generation apparatus 780, one or more 
layers on the semiconductor substrate are etched using a ?rst 
gas chemistry of HBr and C12 or He and CF4. The semi 
conductive substrate is then etched using a second gas 
chemistry of HBr and C12, forming the ?rst isolation trench 
portion Within the semiconductive material. Once the ?rst 
isolation trench portion is formed, a polymer layer is formed 
on the ?rst isolation trench portion sideWall and bottom by 
a dry etch using a third gas chemistry of CHZF2 and 02. 
Finally, the polymer layer is anisotropically etched on the 
bottom portion of the ?rst isolation trench portion Within the 
plasma etcher effective to expose the semiconductor sub 
strate and further etched into the semiconductive substrate 
using a fourth gas chemistry of CHZFZ, HBr, and C12. The 
four-step process is performed in a single plasma etch 
chamber, resulting in the structure of FIG. 7. The poWer 
source 785 utiliZed may be any suitable poWer source 
including an RF generator, a microWave generator, etc. It 
Will be readily apparent that any plasma etching system may 
be used. 

[0043] In addition to the formation of shalloW trench 
structures for isolation, such as structure 110 of FIG. 1, and 
structure 210 of FIG. 2, further steps to create a functional 
memory cell may be carried out in accordance With con 
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ventional integrated circuit (IC) fabrication processes. For 
example, FIG. 8 depicts a conventional memory cell con 
struction for a dynamic random access memory (DRAM) at 
an intermediate stage of the fabrication at Which the cell 
access transistors are formed, and in Which an STI structure, 
such as structure 210 of FIG. 2, has been formed in substrate 
813 according to a method of the present disclosure. 

[0044] As shoWn in FIG. 8, a pair of memory cells having 
respective access transistors is formed Within a p-Well 890 of 
substrate 813. The transistors of the cell are surrounded by 
the shalloW trench isolation region 810 that provides elec 
trical and physical isolation. N-type active regions 891 are 
provided in the doped p-Well 890 of substrate 813 (for 
NMOS transistors) and the pair of access transistors have 
respective gate stacks 892, each of Which includes an oxide 
layer 855, a conductive layer 853, such as polysilicon, 
nitride spacers 860, and a nitride cap 850. Next, as knoWn 
in the art, polysilicon plugs, capacitors, metal contacts and 
bit lines could be formed in, or on, one or more insulating 
layers provided over the FIG. 8 structure using Well-knoWn 
techniques to produce operative DRAM cells. 

[0045] The memory cells of FIG. 8, employing the shal 
loW trench isolation region 810 fabricated in accordance 
With the present invention, could further be part of a typical 
processor based system, Which is illustrated generally at 900 
in FIG. 9. A processor system, such as a computer system, 
generally comprises a central processing unit (CPU) 990, 
such as a microprocessor, Which communicates With an 
input/output (I/O) device 991 over a bus 992. A memory 
993, having at least one shalloW trench isolation region 
fabricated according to the present disclosure, also commu 
nicates With the CPU 990 over bus 992. In addition, the CPU 
990 may itself contain regions isolated With at least one 
shalloW trench isolation region fabricated according to the 
present invention. 

[0046] In the case of a computer system, the processor 
system may include additional peripheral devices such as a 
?oppy disk drive 994, and a compact disk (CD) ROM drive 
996 Which also communicate With CPU 990 over the bus 
992. Memory 993 is preferably constructed as an integrated 
circuit, Which includes shalloW trench isolation structures 
formed as described herein With respect to FIGS. 1-7. The 
memory 993 may be combined With a processor, such as a 
CPU, digital signal processor or microprocessor, With or 
Without memory storage, in a single integrated circuit chip. 

[0047] Although speci?c embodiments have been illus 
trated and described herein, those of ordinary skill in the art 
Will appreciate that an arrangement calculated to achieve the 
same results can be substituted for the speci?c embodiments 
shoWn. This disclosure is intended to cover adaptations or 
variations of various embodiments of the present disclosure. 
It is to be understood that the above description has been 
made in an illustrative fashion, and not a restrictive one. 
Combination of the above embodiments, and other embodi 
ments not speci?cally described herein Will be apparent to 
those of skill in the art upon revieWing the above descrip 
tion. The scope of the various embodiments of the present 
disclosure includes other applications in Which the above 
structures and methods are used. Therefore, the scope of 
various embodiments of the present disclosure should be 
determined With reference to the appended claims, along 
With the full range of equivalents to Which such claims are 
entitled. 
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[0048] In the foregoing Detailed Description, various fea 
tures are grouped together in a single embodiment for the 
purpose of streamlining the disclosure. This method of 
disclosure is not to be interpreted as re?ecting an intention 
that the disclosed embodiments of the present disclosure 
have to use more features than are expressly recited in each 
claim. Rather, as the folloWing claims re?ect, inventive 
subject matter lies in less than all features of a single 
disclosed embodiment. Thus, the folloWing claims are 
hereby incorporated into the Detailed Description, With each 
claim standing on its oWn as a separate embodiment. 

We claim: 
1. A semiconductor device, comprising: 

a substrate; and 

a shalloW trench isolation structure on the substrate, the 
shalloW trench isolation structure comprising: 

a ?rst isolation trench portion With a ?rst sideWall that 
is perpendicular or nearly perpendicular to a surface 
of the substrate; and 

a second isolation trench portion With a second sideWall 
that is angled obliquely With respect to the surface of 
the substrate, Wherein the second isolation trench 
portion has a second volume that is less than a ?rst 
volume of the ?rst isolation trench portion, Within 
the substrate. 

2. The semiconductor device of claim 1, Wherein the ?rst 
isolation trench portion has a depth ranging from approxi 
mately ?ve hundred (500) to approximately one thousand 
(1,000) angstroms (A). 

3. The semiconductor device of claim 2, Wherein the 
shalloW trench isolation structure has a total depth ranging 
from approximately tWo thousand (2,000) to approximately 
tWo thousand ?ve hundred (2,500) A. 

4. The semiconductor device of claim 1, Wherein the 
second sideWall tapers to a rounded point in the center of the 
shalloW trench isolation structure. 

5. The semiconductor device of claim 1, Wherein the 
shalloW trench isolation structure contains a dielectric mate 
rial therein. 

6. The semiconductor device of claim 5, Wherein the 
dielectric material is a high density plasma oxide. 

7. The semiconductor device of claim 5, Wherein the 
shalloW trench isolation structure further contains an insu 
lating layer betWeen the dielectric material and the substrate. 

8. The semiconductor device of claim 1, Wherein the 
second isolation trench portion is Within and extending 
beloW the ?rst isolation trench portion. 

9. A trench isolation structure formed in a semiconductor 
comprising: 

a ?rst isolation trench portion having a ?rst sideWall 
intersecting a surface of the semiconductor at a ?rst 
angle of approximately ninety (90) degrees; and 

a second isolation trench portion Within and extending 
beloW the ?rst isolation trench portion, including a 
second sideWall intersecting the ?rst sideWall at a 
second angle With respect to the surface that is less than 
the ?rst angle. 

10. The trench isolation structure of claim 9, Wherein the 
second angle ranges from approximately ?fty (50) degrees 
to approximately eighty-?ve (85) degrees. 
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11. The trench isolation structure of claim 10, Wherein the 
second sideWall tapers to a rounded point in the center of the 
trench isolation structure. 

12. The trench isolation structure of claim 9, Wherein the 
?rst isolation trench portion further comprises a ?rst depth 
ranging from about tWenty (20) percent to about ?fty (50) 
percent of a total trench depth of the trench isolation 
structure. 

13. The trench isolation structure of claim 9, Wherein the 
?rst isolation trench portion further comprises a ?rst depth 
ranging from approximately ?ve hundred (500) to approxi 
mately one thousand (1,000) A. 

14. The trench isolation structure of claim 9, Wherein the 
trench isolation structure has a total trench depth ranging 
from approximately tWo thousand (2,000) to approximately 
tWo thousand ?ve hundred (2,500) A. 

15. The trench isolation structure of claim 9, Wherein the 
trench isolation structure is formed in a memory integrated 
circuit. 

16. An isolation trench structure in a semiconductor 
substrate formed according to a method, comprising: 

?rst etching through one or more layers on the semicon 
ductor substrate and into the semiconductor substrate; 

depositing a spacer onto the etched semiconductor sub 
strate; and 

using the spacer to perform a second etch Wherein the ?rst 
etch and the second etch produce a shallow trench 
isolation structure comprising; 

a ?rst isolation trench portion With a ?rst sideWall that 
is perpendicular or nearly perpendicular to a surface 
of the semiconductor substrate; and 

a second isolation trench portion With a second sideWall 
angled obliquely With respect to the surface of the 
semiconductor substrate, Wherein the second isola 
tion trench portion has a second volume that is less 
than a ?rst volume of the ?rst isolation trench 
portion. 

17. The structure of claim 16, Wherein the ?rst etch is 
performed using a ?rst gas chemistry comprising hydrogen 
bromide (HBr) and chlorine (C12), the ?rst etch into the 
semiconductor substrate forming the ?rst isolation trench 
portion. 

18. The structure of claim 16, Wherein the spacer is 
formed using a second gas chemistry comprising di?uo 
romethane (CH2F2) and oxygen (O2). 

19. The structure of claim 16, Wherein the second etch is 
performed using a third gas chemistry comprising di?uo 
romethane (CH2F2), hydrogen bromide (HBr), and chlorine 
(C12), the second etch into the semiconductor substrate 
forming the second isolation trench portion. 

20. The structure of claim 19, Wherein the second isola 
tion trench portion is Within and extending beloW the ?rst 
isolation trench portion. 

21. The structure of claim 19, Wherein forming the second 
isolation trench portion includes forming the second side 
Wall at an angle relative to the surface of the semiconductor 
substrate of betWeen approximately ?fty (50) and approxi 
mately eighty-?ve (85) degrees and the second sideWall 
tapers to a rounded point in the center of the shalloW trench 
isolation structure. 
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22. The structure of claim 16, wherein the ?rst gas 
chemistry comprises hydrogen bromide (HBr) and chlorine 
(C12) at a ratio of about 2:1. 

23. The structure of claim 16, Wherein the second gas 
chemistry comprises di?uoromethane (CHZFZ) and oxygen 
(02) at a ratio of about 4:1. 

24. The structure of claim 16, Wherein the third gas 
chemistry comprises di?uoromethane (CH2F2), hydrogen 
bromide (HBr), and chlorine (C12) in a ratio of about 1:8:1. 

25. The structure of claim 16, Wherein the ?rst isolation 
trench portion further comprises a ?rst depth ranging from 
about tWenty (20) percent to about ?fty (50) percent of a 
total trench depth. 

26. A trench isolation structure formed in a semiconductor 
comprising: 

a ?rst isolation trench portion having a ?rst sideWall 
intersecting a surface of the semiconductor at a ?rst 
angle of approximately ninety (90) degrees; and 

a second isolation trench portion formed Within and 
extending beloW the ?rst isolation trench portion, 
including a second sideWall intersecting the ?rst side 
Wall at a second angle With respect to the surface that 
is less than the ?rst angle by forming a polymer layer 
and using the polymer layer as a spacer to create the 
second isolation trench portion having a second volume 
that is less than a ?rst volume of the ?rst isolation 
trench portion. 

27. The trench isolation structure of claim 26, Wherein the 
polymer layer is formed using a gas chemistry comprising 
di?uoromethane (CHZFZ) and oxygen (02) in a ratio of 
about 4:1. 

28. The trench isolation structure of claim 26, Wherein the 
second angle ranges from approximately ?fty (50) to 
approximately eighty-?ve (85) degrees. 

29. The trench isolation structure of claim 28, Wherein the 
second sideWall tapers to a rounded point in the center of the 
isolation structure. 

30. The trench isolation structure of claim 26, Wherein the 
?rst isolation trench portion further comprises a ?rst depth 
ranging from about tWenty (20) percent to about ?fty (50) 
percent of a total trench depth of the trench isolation 
structure. 

31. A method for operating an etch reactor, comprising: 

supplying a ?rst gas chemistry to the etch reactor to etch 
through one or more layers on a semiconductor sub 

strate and exposing the semiconductor substrate; 

supplying a second gas chemistry to the etch reactor to 
etch into the semiconductor substrate to form a ?rst 
isolation trench portion Within the semiconductor sub 
strate, the ?rst isolation trench portion having a ?rst 
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sideWall With a ?rst angle With respect to a surface of 
the semiconductor substrate; 

supplying a third gas chemistry to the etch reactor to form 
a polymer layer on the ?rst sideWall and a bottom 
portion of the ?rst isolation trench portion; and 

supplying a fourth gas chemistry to the etch reactor to etch 
through the polymer layer on the bottom portion of the 
?rst isolation trench portion to etch into the semicon 
ductor substrate and to form a second isolation trench 
portion having a second sideWall intersecting the ?rst 
sideWall at a second angle With respect to the upper 
surface that is less than the ?rst angle. 

32. The method of claim 31, Wherein the ?rst gas chem 
istry comprises helium (He) and carbon tetra?ouride (CF4) 
or hydrogen bromide (HBr) and chlorine (C12). 

33. The method of claim 31, Wherein the second gas 
chemistry comprises hydrogen bromide (HBr) and chlorine 
(C12) 

34. The method of claim 31, Wherein the third gas 
chemistry comprises di?uoromethane (CHZFZ) and oxygen 
(02) 

35. The method of claim 31, Wherein the fourth gas 
chemistry comprises di?uoromethane (CH2F2), hydrogen 
bromide (HBr), and chlorine (C12). 

36. A processor-based system, comprising: 

a processor; and 

a memory device coupled to the processor, the memory 
device including a memory structure, Wherein the 
memory structure includes a shalloW trench isolation 
structure having: 

a substrate; 

a ?rst isolation trench portion With a ?rst sideWall that 
is perpendicular or nearly perpendicular to a surface 
of the substrate; and 

a second isolation trench portion With a second sideWall 
that is angled With respect to the surface of the 
substrate, Wherein the second isolation trench por 
tion has a second volume that is less than a ?rst 
volume of the ?rst isolation trench portion, Within 
the substrate. 

37. The processor-based system of claim 36, Wherein the 
memory device is a dynamic random access memory 
(DRAM) device. 

38. The processor-based system of claim 36, Wherein the 
second isolation trench portion is Within and extends beloW 
the ?rst isolation trench portion. 

* * * * * 


